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| INTRODUCTION
Serious adverse events (SAEs) are untoward medical occurrences that result in death, are life-threatening, require hospitalisation or prolongation of hospitalisation or result in persistent or significant incapacity or a congenital anomaly (ICH, 1996:7) . Unexpected admission to intensive care units (ICU) or cardiac arrest fall within this definition (McGaughey et al., 2009) . Early recognition of rapid clinical deterioration can make the difference between life and death (Mapp, Davis, & Krowchuk, 2013) . Emergency response teams provide early intervention (Leonard, Graham, & Bonacum, 2004) and can be activated by a staff member who is concerned about a patient or feels that something is not right (Klein, 2000) . Detecting and intervening to prevent SAEs are important criteria for the evaluation of nursing care quality (Schmid, Hoffman, Happ, Wolf, & DeVita, 2007) . Expert nurses are able to make meaningful assessments from random bits of patient information and integrate their findings with knowledge of physiology and pathophysiology to guide their nursing actions, preventing "failure to rescue" (Dracup & Bryan-Brown, 2004 ); however, not all nurses are "expert". "Failure to rescue" is the unexpected loss of life following a complication in hospital (AHRQ, 2007) and is used as a patient safety indicator in initiatives to limit such deaths. It is sometimes attributed to infrequent and incomplete monitoring and record- The focus of this paper is validation of a standardised approach to calling for more skilled assistance for patients requiring review and at risk of SAEs. One such approach is the Situation-BackgroundAssessment-Recommendation (SBAR) communication tool, which, in the present study, is enhanced by incorporation of a locally validated "track-and-trigger" modified early warning score (MEWS) system. No such modified tool for adult patients was located in the published literature.
The SBAR communication structure is widely used in the USA and has been adopted by the UK's National Health Service for use by all healthcare professionals as the standard structure for communication, as part of the Innovation and Improvement Initiative (NHS Institute for Innovation and Improvement 2008). Although most SBAR research is from the USA (Ardoin & Broussard, 2011) , other countries conducting SBAR research include Australia (d'AgincourtCanning, Kissoon, Singal, & Pitfield, 2011; Clark, Squire, Heyme, Mickle, & Petrie, 2009; Cunningham et al., 2012; Dawson, King, & Grantham, 2013; Street et al., 2011 ), Belgium (De Meester, Verspuy, Monsieurs, & Van Bogaert, 2013 , Canada Boaro, Fancott, Baker, Velji, & Andreoli, 2010; Ilan et al., 2012; Kotsakis, Mercer, Mohseni-Bod, Gaiteiro, & Agbeko, 2014; Velji et al., 2007) , China (Wang, Liang, Blazeck, & Greene, 2015) , Germany (Flemming & H€ ubner, 2013) , UK (Hayes et al., 2014; Whittingham & Oldroyd, 2014) , Iran (Chaharsoughi, Ahrari, & Alikhah, 2014) , Sweden (Randmaa, M artensson, Swenne, & Engstr€ om, 2014) , the Netherlands (Ludikhuize, de Jonge, & Goossens, 2011; Poot, Bruijne, Wouters, Groot, & Wagner, 2014) and South Africa (Raymond & Harrison, 2014) . However, to our knowledge, SBAR development and validation is rarely reported.
The SBAR communication tool provides a framework for relaying critical information between clinicians with a shared set of expectations (NHS Institute for Innovation and Improvement 2008), usually initiated by a nurse summoning the assistance of a doctor or emergency response team (Leonard et al., 2004) to prevent "failure to rescue". The SBAR tool comprises the following components allowing for brief descriptions of the following: the Situation (who and where the patient is and the circumstances); the Background including the patient's medical history, treatment and events leading up to the episode; an Assessment of the situation; and Recommendation for review of the patient and interim intervention measures. Components of the SBAR communication technique are described in Table 1 .
| BACKGROUND
Traditional vital signs charts used in public sector hospitals in Cape Town, South Africa, require graphic plotting of values, but do not provide guidelines for a nursing response if a patient's condition deteriorates (Kyriacos, 2011 Leonard et al. (2004:86) .
What does this study contribute to the wider global clinical community?
• A standard SBAR communication tool can be modified to incorporate an early warning score system for physiological parameters and clinical parameters for early response to signs of clinical deterioration.
• A modified SBAR communication tool can be validated by cognitive interviewing for face validity, by content indexing and inter-reliability testing.
• Doctors and nurses are end users of a SBAR communication tool; therefore, transdisciplinary collaboration improves validity and reliability testing of the tool.
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| 2795 deterioration and trigger a response by trained nurses to seek assistance to improve patient safety and prevent unnecessary SAEs (Royal College of Physicians 2012). These systems incorporate physiological parameters, such as respiratory rate and heart rate, recorded in boxes with predefined ranges (Gao et al., 2006) . Disturbed vital signs are allocated points with weightings with suggested interventions to recheck the patient or summon assistance (Smith et al., 2006) .
Since publication of the USA Joint Commission's National Patient Safety Goal on handovers (2007), the use of SBAR has been widely reported (Dawson et al., 2013; Staggers & Blaz, 2013 ). SBARs have been tested in interdisciplinary daily rounds and with diverse clinicians (Donahue, Miller, Smith, Dykes, & Fitzpatrick, 2011; Field et al., 2011; Randmaa et al., 2014) . They provide a vehicle for clinicians to communicate clearly and concisely, thereby enhancing professionals' satisfaction with communication (Ardoin & Broussard, 2011; Renz, Boltz, Wagner, Capezuti, & Lawrence, 2013) and the hospital's safety climate (Ardoin & Broussard, 2011; Randmaa et al., 2014 For determining the content validity index (CVI) of the prototype tool after the first author's explanation, the completed checklist was returned, implying informed consent; all participants returned the completed forms.
| Design
A mixed-methods design was used for development, validation and reliability testing of the prototype Cape Town MEWS-linked SBAR tool (Gabe & Jordan, 2014; Grove, Burns, & Gray, 2013) . In research, epistemological and methodological pluralism is aimed at producing more effective research (Johnson & Onwuegbuzie, 2004) . To identify potential measurement or response error, we undertook CIs to explore the interpretation of the SBAR tool by future users (nurses and medical doctors), content validity analysis (Lynn, 1986; Yaghmale, 2003) and IRR testing (Gabe & Jordan, 2014 ).
| Participants and data collection
Participants and the sampling method for the three validation processes are outlined in Table 2 .
Participants with appropriate expertise were recruited by purposive sampling from a range of healthcare facilities in Cape Town.
3.4 | Instrument 3.4.1 | Prototype Cape Town SBAR tool
The initial prototype SBAR tool (Appendix 1) was structured using the framework of the Magee-Women's Hospital SBAR telephonic checklist (Woodhall, Vertacnik, & McLaughlin, 2008) to incorporate aspects of the Cape Town MEWS chart (Kyriacos et al., 2015) in a logical order. 
Participants and process
All those approached agreed to participate. Representatives of future user groups (Table 2 ) explored the cognitive form of the preliminary modified SBAR tool and its appropriateness, comprehensiveness and intelligibility (Presser et al., 2004) . Three nurses and two doctors who enjoyed reputations for erudition in adult clinical physiology and/or health sciences research were approached using purposive sampling (Beatty & Willis, 2007) . A small sample of CIs will reveal the most critical problems (Beatty & Willis, 2007) , although there is no established best practice for how many participants to interview or how many rounds of interviews should be conducted (Beatty & Willis, 2007) .
Cognitive interviews were based on "think aloud" techniques with concurrent impromptu and scripted probes, captured by audio recordings (Willis, 2005; Willis & Artino, 2013) . Probes could be cognitive, such as "What were you thinking?" or confirmatory as in repeating what a participant said and seeking confirmation or expansive, for example, requesting more information (Presser et al., 2004) .
Participants were asked to state their interpretation of items using the sequence as of the prototype Cape Town SBAR tool, reading each section and then interpreting their understanding of each item to reveal thought processes involved in the interpretation of prompts on the tool (Presser et al., 2004) . Thinking aloud has been found to potentially interfere with the process being reported (Conrad, Blair, & Tracy, 1999) . Therefore, the modified Cape Town SBAR 
Data analysis
To make sense of the data from the CIs, each section of the prototype SBAR tool was reviewed from audiotaped recordings and field notes taken during the interview (Knafl et al., 2007; Willis, 2005) .
Descriptive notes were taken, including problems identified and participants' subjective recommendations for corrections (Knafl et al., 2007; Willis, 2005) . Each problem was categorised according to a coding scheme of applicability, wording/tone and clarity (Knafl et al., 2007) . We systematically compared the summarised data collected across participants (Knafl et al., 2007) . Quantifiable trends were identified and problematic items were summarised based on the participants' actual statements. Decisions to keep, delete or modify an item were individually considered (Knafl et al., 2007) .
Results
A summary of modifications made to the prototype SBAR tool (Appendix 1) is presented in Table 3 .
Data in Table 3 show that 15 (35.7%) of 42 items were modified: 
Participant 4
This looks like a big long list. Nurses will require training to link up the MEWS with the SBAR.
Participant 2
Not all of these are relevant. I do not easily see your word applicable, maybe make it bolder.
To enhance clarity, the item was modified from "Provide the following information if applicable" to "ONLY IF APPLICABLE complete and state the following". Furthermore, the layout was changed and checkboxes were added to increase spaces between items and to decrease the appearance of a "big long list."
| Content validity index and expert review
Content validity index criterion sheet, participants and process
All those approached (n = 18) agreed to participate. For pragmatic reasons, determining the CVI was completed in two rounds. Five physicians, eight surgeons and five nurses with expert knowledge of adult physiology and/or health sciences research (Table 2 ) participated in content validity testing. A CVI (Lynn, 1986; Yaghmale, 2003) criterion sheet incorporating instructions and an informed consent form adapted with permission (Gabe & Jordan, 2014; Kyriacos, 2011 ) was constructed around the 49 items remaining on the modified prototype SBAR tool following the CIs. Items were rated according to relevance from 1-4, ranging from 1 = irrelevant to 4 = extremely relevant; 3 = relevant but needing minor alteration;
and 2 = unable to assess relevance without item revision or item is in need of such revision that it would no longer be relevant (Yaghmale, 2003) . Each item had space for recommendations of items not covered in the SBAR tool (Grove et al., 2013) .
The CVI checklist was used to determine the perceived relevance, inclusivity and representativeness of the 49 items of the prototype SBAR tool (Gabe & Jordan, 2014; Kyriacos, 2011) . Each item had a space for recommendations (Grove et al., 2013) . The CVI checklist with instructions for completion was provided in person and returned in the manner as instructed only if there was a voluntary decision to participate, implying informed consent.
Data analysis
The CVI was determined by how many experts rated each item at 3 or 4 (Lynn, 1986 ) using a preset proportion of ≥70% agreement (Guttmann, Razzaq, Lindsay, Zagorski, & Anderson, 2006) . Only items that achieved ≥70% agreement by the experts at a rating of 3 or 4
were retained on the modified SBAR tool, and items scoring under 70% were discarded.
Results
The opinions of 18 experts (Table 2 ) on the index of content validity of each of the 49 items remaining on the modified prototype SBAR tool following the CIs are presented in Table 4 .
Data in Table 4 and 10%-90% prevalence with 80% power (Sim & Wright, 2005) .
Participants and process
Participants (Table 2) were purposively selected from nurses with detailed knowledge of physiology and experience of working in acute adult clinical settings. All those approached agreed to participate. Inter-rater reliability testing of the prototype Cape Town SBAR tool measured agreement between two independent raters viewing the same clinical data (Gabe & Jordan, 2014; Tooth & Ottenbacher, 2004) . Raters were blind to each other's recordings on the SBAR tool.
Data analysis
Data were analysed in SPSS for MAC version 22 (SPSS Inc., Chicago, IL, USA). IRR was measured using Cohen's kappa statistic, which calculates agreement beyond that of chance (May, Chance-Larsen, Littlewood, Lomas, & Saad, 2010) . Kappa values were classified a priori as recommended (Gabe & Jordan, 2014; May et al., 2010) :
. 
Results
The two nurse respondents were in close or full agreement on 37 of 45 items (82.2%) on the modified tool (Table 5) .
Data in Table 5 show that two items "calling from" (Cohen's kappa À.05) and "this is a change from" (Cohen's kappa À.07) in the The SBAR is appropriate for use by paraprofessional staff such as nurse aides (Donahue et al., 2011) and has been tested successfully in neonatal care in South Africa (Raymond & Harrison, 2014) .
Using a MEWS observations chart plus a SBAR tool, nurses might be better able to rescue deteriorating patients (Ludikhuize et al., 2011) .
The addition of an early detection algorithm also reduces patient unexpected deaths as demonstrated in a tertiary teaching hospital (De Meester et al., 2013) where record review analysis showed an increase in unplanned intensive care admissions and a decrease in unexpected deaths.
Although there are many published developed or adapted SBAR tools, few have undergone rigorous validation. Mitchell et al. (2012) developed three versions of a SBAR tool but focused on internal T A B L E 4 Summary of modifications following content validity index (CVI) Round One (N = 10 experts) and Round Two (N = 8 experts)
Initial number of items Modified items Items added Removed items Remaining items
Round One: physicians (n = 5) and nurses (n = The GCS and the alert/voice/pain/unresponsive (AVPU) system had been retained on the modified Situation-Background-Assessment-Recommendation (SBAR) tool following cognitive interviews. For assessing the CVI, four participants reported that assessment of level of consciousness using the AVPU system was easier than the GCS and that having both AVPU and GCS on the prototype SBAR tool could create confusion so although this item did not achieve ≥70% agreement, it was considered sufficiently important to make an exception and to remove GCS from the modified SBAR tool.
consistency, using Cronbach's alpha (a .977). For the Cape Town SBAR validation, IRR with Cohen's kappa gave a direct comparison between two raters, giving perfect agreement (1) Cape Town SBAR included adaptations to the tool based on input from participants with the majority of the adaptations occurring after CIs (15/42 modifications, 11 items were added and three removed).
As in a study by Field et al. (2011) where a SBAR tool was modified for use in a warfarin protocol, this study modified a SBAR tool by incorporating components of a MEWS vital signs chart.
Despite training, the SBAR is often not used (Ludikhuize et al., 2011) or is used incorrectly (Ilan et al., 2012; Joffe et al., 2013) , particularly by nursing students (Cunningham et al., 2012; Lancaster, Westphal, & Jambunathan, 2015) . Potentially problematic reporting could occur outside the 9-5 working day. Primary physicians are often not available for their patients after hours and the sign out to the on-call provider, who knows little about the patient, may have been brief (Joffe et al., 2013) . Suboptimal handover between physicians can result in SAEs (Ilan et al., 2012) , which may not be ameliorated by the use of an SBAR tool (Joffe et al., 2013 anticipated that nurses are more likely to summon early intervention and more successfully than if they had used the standard SBAR tool.
Studies (Beckett & Kipnis, 2009; Donahue et al., 2011 ) describe a perceived improvement in patient safety using the SBAR communication tool. The SBAR tool reportedly enhances nurse and doctor satisfaction with nurse-to-doctor communication (Renz et al., 2013) .
Communication in general seems to improve reporting of errors (Ardoin & Broussard, 2011; Haig, Sutton, & Whittington, 2006; Randmaa et al., 2014) . Few studies have evaluated actual patient outcomes associated with the use of SBAR for early reporting of patient deterioration and preventing unexpected deaths (De Meester et al., 2013; Ludikhuize et al., 2011) . Introduction of the SBAR led to a reduction in sentinel events from 89.9 per 1,000 (8.99%) patient days to 39.96 per 1,000 (3.99%) patient days a year. Ludikhuize et al. (2011) found that nurses trained to use the MEWS and SBAR tools in a simulated environment in an academic hospital in the Netherlands tended to perform an immediate patient assessment (77%) vs. nontrained nurses (58%; p = .056). Respiratory rate, the most sensitive indicator of acute deterioration (Subbe, Davies, Williams, Rutherford, & Gemmell, 2003) , was measured twice as often by the trained group (trained nurses 53%/nontrained nurses 25%, p = .025). Physician reporting was also increased in the trained group (trained nurses 67%/nontrained nurses 43%), but disappointingly the SBAR was only used once. This was a single-centre study and there was no real-life patient for nurses to visualise (Ludikhuize et al., 2011) . number needed to treat (NNT) 1,656; p < .001).
T A B L E 5 Summary of inter-rater reliability findings

| Limitations
The scale of this study was limited by available resources, but is typical of similar nurse-led instrument development studies. Data reliability depended on participants' clinical knowledge and expertise, their co-operation and veracity. Due to restricted resources and ethical considerations, the modified SBAR tool was not tested or evaluated in a true clinical setting. Instead, testing was performed seeking expert opinion and using hypothetical patient scenarios. The examples used were representative of other work in Cape Town (Kyriacos, Jelsma, James, Kyriacos et al., 2015) . The use of the tool in environments beyond medical and surgical wards is not assessed.
There was potential for sampling bias as participants were purposively selected. However, none of the purposively selected participants refused to participate, thereby reducing the potential for volunteer bias (Jordan et al., 2013; Toerien et al., 2009 (Jordan et al., 2013) .
Responses to fieldworkers may have been vulnerable to social desirability response biases, as participants constructed their answers around their preferred self-presentation images (Fowler & Cosenza, 2008) . All researchers viewed the data to reduce entrapment by prior expectation (Rosenthal & Jacobson, 1963) . The Hawthorne effect (Roethlisberger & Dickson, 1939) 
may have been minimised in CIs and
CVIs by explaining to participants that the purpose of these studies was not to test knowledge but to identify problem areas in the modified SBAR tool and suggestions for improvement were encouraged.
Further research is required to test the effectiveness of the modified SBAR when used in educational interventions for nurses, particularly to determine whether the modified SBAR is appropriate for all levels of nurses and nursing students (Kotsakis et al., 2014; Ozekcin, Tuite, Willner, & Hravnak, 2015; Wang et al., 2015) .
Further research will be required to fully test the clinical effectiveness of the linked SBAR, its impact on accuracy of nurse-doctor communication, the safety climate (Ardoin & Broussard, 2011; Randmaa et al., 2014) and patient outcomes (De Meester et al., 2013) . In addition, research is required to evaluate the limitations of this tool in a clinical setting, such as if its use is negatively affected by factors such as distractions while calling for skilled assistance (Poot et al., 2014) . 
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A P P E N D I X 2 : FINAL MODIFIED SITUATION-BACKGROUND-ASSESSMENT-RECOMMENDATION (SBAR) COMMUNICATION TOOL FOLLOWING COGNITIVE INTERVIEWS AND CONTENT VALIDITY
INSTRUCTI ONS
Please obtain a complete set of vital signs.
Complete the SBAR communication document quickly before calling the doctor by filling in:
the required information or using tick box U (yes) X (no) or ND (not done).
Keep your descriptions brief and relevant to why you are calling.
Ensure you have the patient's "OBS" chart and medication charts at hand when calling the doctor.
Be prepared for a second witness if medications are ordered. A P P E N D I X 2 (Continued)
B
Background
The patient was admitted on__________________________(Admission date and time if known). Admission diagnosis is _______________________________________________________________________ A brief relevant history for this patient is ____________________________________________________ (Provide current age, weight and a quick summary of any secondary diagnosis such as diabetes, hypertension as well as procedures/ operations / tests related to the current problem and if the patient has any allergies). Current treatment includes__________________________________________________ (Provide a brief summary of current treatment such as intravenous access, intravenous fluids given, medications recently given or of importance, oxygen therapy and oral intake). This is a change from __________________________________________________ _____________________________________________________Describe briefly what the previous condition was). 
A
